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1. ! , , I , - /  SECTION II.-GENERAL METEOROLOGY. 
* <  I 

A CORRELAT~ON OF WEATHER CONDITIONS AND 
PRODUCTION OF COTTON IN TEXAS. 

Ry JOSEPH BURTON KINCEB. 
[Dated: Weather Bureau, Washington, D. C., Mar. 31,1915.1 

Every farmer, whether he be operating on progressive 
and scientific principles by advanced ancl approved 
methods of agriculture, or laboring under the handi- 
caps incident to failure or refusal to adopt such met.liods, 
realizes the importance of fnvorable weather as a co- 
partner, so to speak, in this the rentest and most 

'm ortant factor in cletermiuing whcther the returns shall 
be s arge or small, but i t  inust, take second plnce. as fcr- 
tilit and approved methods of cultivation would avail 
but gittle without favorable conditions as to nioisture ancl 
temperature. It is also well known that in regions where 
the amount of rainfnll and the teniperature conditions 
are such as to ordinarily meet tlie require1iient.s of plsnt 
growth, unfavorable meteorolo&al condit.ions frequently 
occur, with a corresponding recfuct.ion in yield from w1ia.t 
it would have been under more furorable circumstances, 
if not resulting in almost conidete failure. In general, 

important of all industries. Soil ferti F ity, i t  is true, is a.11 

ronounced the un 1 avorable conditions, the 
reduction in yield, in view of whi+ a direct 

weather ancl crop production is obvious; 
but this relation had until recent,ly been known only in a 
general, vague, and indefinite way and the matter had 
received but little consideration. However, with the 
advent of the new science of agricultural meteorolo p 

sented themselves so forcibly t h t  tho matter coulc 110 
longer he ignored and much has been accomplished 
already toward establishing a physicnl relation betweni 
meteorology and plant development. 

It is the purpose of this paper .to briefly discuss this 
relation from a practical standpoint as applied to the 
roduction of cotton 'in the Stat.e of Tesns, but it has gee n found feasible at this time to consider only the 

meteorological elements of preci )itation and temperature, 

and should receive the greater consideration. 
It is realized that if certain difficulties, from a correla- 

tion standpoint, in the measurin of precipitation could be 
to consicler a more 

limited territory as a unit area! but under present concli- 
tions it is thought best to consider the Stat.e as a whole. 
"he usual summer type of precipitation is that of,local 
bowers, instead of compar,itively uniform aniounts over 
extended areas, as in the winter type with its pronounced 
cyclonic action. Tho summer showers frequentJy occur 
as heavy falls over limited areas in comparatmely short 
periods of time, a large portion of which often contributes 
nothing to the develo ment of the plants, but runs off and 

concerned. If we attempt to correlate precipitation 
with yield under these conditions, ignoring the intensity 
of the falls and the resulting run-off, it is obvious that no 
reliable relation could be established, as we include in 
our computations var ing amounts of water that flowed 
into the streams an$ rivers without contributing any- 

the im ortaiice of the question nncl tlie broad fie f d 

r- offered 7l y it for scientific study and investigation 

of which tlie former unquestiona i ly is the more important 

overcome, it would be prefertide 7 

is lost, in so f a r  as t P ie ultimate result on production is 

thing to the development8 of the plants. In the State of 
Tcsas these osccssivc local falls arc, as a rille, of conipara- 
t.ive1-j infrequent occurrence, mid by considering. the 
Stat,e a.s a whole, with its nuiiicrous reporting stations, 
t,liis clifficulty is largely overcome, or nt. lrnst, is reduced to 
a minimum. 

We shall take as a base for coniput.ation the normal 
t,emperature aiicl rainfall for t,he Stmate, and titAenipt, t.0 
correlnte the actual clepnrt,iires froin these nie:iln d u e s  
with the depnrt,ures froin t.he average yield of cotknn, 
esprcssed in pounds per ncre. The normal rninfall used 
in the coniputations represents a sm?otlied curve for tlie 
computed normals for t.he St.at,e, with monthly values 
as follows: April, 3 inclies; May, 3.5; June, 3.5; July, 
3; August,, 3.S, a.nd Stxpt,einbcr, 2.5 

1. 3. 

FIGS. 1 ?iivI. 2.--151iade11 hlodis in upper portion of r!i:igranis show overage monthly 
predpital~on. :IS iiirlicsted I ~ ~ , f i g i i r ~  :it the left. ond the heavy solid lhes show the 
iioriiinl rainfall for the rrsprctive nionths. 

The riionthly temperature depart.iircs from the ilornlal are shown by the heavy 
lines hi the lower part of tile diagram. 

We shall assiinie that the great.cr tlie de n,rtures of 

the plnnt.ing aiicl mrowing season, covered by the months 
naiiied. the snialfer will be the yield of cotton. The 
logic of t.liis ~ssuiiip t.ion is clearly show-11 by a coniparison 
of t,he dcparturcs of rainfall niicl tern icmture with the 

st,t.cnt.ioii is invited t,n fig!. 1 and 3, which represent 
grapli icdl~~ t,hc niont,lilp rimif nll an rl tenipernt,ure clepart- 
ures from the normal for t.he St.at.e of Texas for tlie years 
lDOG rind 1907, rrspcctidy. It! will bo noted that. in 
1906 t . l i c  clc1iart)urcs froin the norni:ds wcrc siiiiill, while 
in 1'307 they wwe large. The yield for t,he former year 
RRS 23.5 pounds per ncre, or about 33 per cent above the 
avernge, while for the latter it wtis only 130 pounds per 
acre, or al)nutv 26 per cent bclow tho nvcragc. 

Tlicsc facts giw 11s the germ of n iiiriisureiiient froin 
which :I skelet,oii ecpt.ion iiiny be writt.cn, thus, 

s = n + b, (1) 
where S represents the depart.ure of yield from the 
average, a the departure of rainfall, and b the departme 
of temperature from the normal. 

ra.infiil1 nncl teniperut.ure froiii the iiornial vn. P ues (luring 

resultipg yiclds for n series of years. 1 n t.his connection 
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However, sonie necessary and important modifications 
of this equation must be made before practical applica- 
tion is feasible. In  the first place the iiorninl rainfall 
and temperature would not, produce an avera e yield, 
but, on t,he c.ont.rary under such conditions, 8ie yield 
would be much above t,hat vnlue, as is clen.rly indicated 
by figure 1. Again, the first niember of this quation 
(the departure from t,lie average yield) mcty he posit.ive 
or ne ative, clepending on ~ h e t ~ h e r  the wc'at tlicr condi- 

must be iiidicat.ed for practictd q)plicat.ion. Further- 
more, sonie unit period of time iiiust, be adopted from 
which to obtain values for the second niciiibc~r. Olmi- 
ously we could not consider the depart,urcs from t,lle 
normal rainfall and t,rniperabure for t.he seii.soii 21s a 
whole, for large values could obt.ain on eit.lier side of tllr 
normal for t.he first half of the season :ind eyunlly ltlr e 

combined, would give values for t.he season as a wliole, 
equal t.0 the seasonal normal; thus superficially indica- 
ting favorable conditions, which in fact woulcl lin,ve been 
most unfavorable. In view of this the cdendnr moiit,lis 
of t,lie growing season hare been adopt,ed ns unit. periods 
for deriving values for n and b. 

Before w e  c81i logically apply the observed vducs for 
rainfall and t,emperti.ture, they must, be moclified by the 
assignment of susiliary fact,ors to represen t, t.he motlify- 
in influence of cert.ixin associat.ec1 conibinnt.ions of ruin- 
fa % and temperat,ure conditions, of coiidition of  t.he soil 
at t.he beginning of cacli nioii t.h, niitl of intensifid efl'ect, 
due to 1.oiig sustained periods of uiifavorablc weather. 
Figures 3, 4, 5, and 6 illustrate t,liese point,s. These rep- 
resent four hypot.hetica1 conditions of rainfall, covcring 
the six months of the growing season. 

tions fl n.d been favorable or unfarurable, and this sign 

departures on the opposite side for the last half, wliic % , 

I I  1 

ti. 3. 4. 5. . 
FIGS 3 4 5 6.-Four hypothetical rainfall ronditions. illustnting different ilistrilm- 

ti& 'duhdg the grow seson as aifertui ultimate produrtion. The shadcrl blwks 
show the average mo%lv rainfall, 9s inhated by the figures at the IrIt. and t.he 
heavy solid line indicates- the normal kinfall. ' 

In each of these cwes the normal rainfall is represeut,ed 
as being 2.5 inches for each nionth, and the accuniulat.ec1 
depmture for the season as a whole is t.lie mnie in each 
instance, the latter value being zero. A knowledge of 
the general effect of rainfall condit.ioiis on plant clavel- 
opment demonstrates t,liat the production woulcl vary 
reatly for these years. They are arranged hi order of 

!heir value from the standpoint of yield, fi lire 3 being t.lie 

figure 6 the least favorable. In tlie first figure we find 
the departures alternat.ing from nionth to nioiibli, which 
means, for esample, t,ha,t each month of deficient, ra.infnll 
begins with the soil well supplied with moisture, t.lieroby 
ameliorating the droughty coiiditions ; also the periods of 
drou ht are of comparatively short duration. Again each 
monk of escessive rainfall begins with the soil coni- 
paratively dry, in which condition it c? ncconimodate 
more than the usual amount of rainfall without detriment 
to the growing plants. In figure 4 a drought prevails in 

most favorable for the procluct.ion of n P arge yield and 

Mav and June, but these are the cultivating months and 
such condit,ion aff ords excellent opportunity for thorough 
cultivrtt,ion and assures a cro Fi ure 5 
indicn t.es condit.ions more un P nvorable : May an f June 
are perhaps too wet for proper cultivat,ioii, while July and. 
August present, a more or less serious drought., cornin in 
the fruiting season. Figure 6 indicat>es conditions o Q vi- 
ously most unfavnrnbln : t,lio escessive rainfall in the first 
half of the se:i.son not. oiily prevent,s 1 o )er cult,ivat,ion, but 
eiicoura~es shallow root! growt,h, m P-. iic r 1 proves clisns t.rous 
cluring tTie long drouglit, t.o follow. 

Figure 7, which was d s o  published in bhe Oct.ober, 1914, 
issue of the National Went.lier nnd Crop Bullet.in, shows 
griiphicnlly t,he weekly rainfall und t enipera.t,ure con- 
dit.ions during the erowing season of 1914 for the States 
of Texas aad Ogahoma, nnd also the percentage of 

free of grass. 

REGION. 
Weatern batlon: Teru ind okhhim.. . 

FIG 7 -Shaded blorks in upper art of the diagram show avem e weekly preclpi- 
tstidn as indicate(! by Sgures at Eft, and the heavy solid line intfirrtes the normal 
weekly precipitation. 

The \veeltly temlwature deportures Irom the normal are shown by tho hmry black 
line in the lower part of tlle diupnin.  the ainouiit 01 departures, in decrees. b e 4  
indicated by the figures ou the left.. The errentage 01 the average rondftion oIcotton 
on the dates indicated is shown hy t.he totted line. the amounts obore or belm 100 
per rent being inldirnled by the iiiures on the right. 

average condition of the cotton crop in those Stmates on. 
the 35th of the respect.ive months from &lay t,o Septem- 
ber, inclusive, as reported b the Bureau of Crop Esti- 
mates, Depnrbnient of Agricu 4 ture. This figure very for- 
cibly fortifies the argument that the amount of rainfd 
or departure from the normal for a. definite period of 
t h e  can not,, uiicler certain conditions, logically or prac- 
tically be coiisiclered incle endent,ly of precedina condi- 
tions in correlat,ing rainfat wit.h crop yield. ?he dia- 
gram shows that a more or less serious drought began the 
1st of June nnd elided about t,lie 1st of August,.but that 
this drought wa,s prec.eded by excessive r p i t a t i o n .  
The accumulitted minus departure of rainfa for the ht 
four weeks of the drought, ending June 29 or four days 
aft,cr the June reports of the crop wnditiim, wis cmsider- 
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ably greater than for t,he second four weeks, ending July 
27 or two days after t,he July report of condit,ion. Not)- 
wit,hst,anrling t,liis lnr er departure for t.he first fvur 

improvement in t,lie. cro for that period, m-liile for the 

Considering t,he fact t,hat t.hc soil n-ns thoroughly sat.u- 
rated at  the he inning of thc first. ,eriod, a-it,li dry, wnrm 

depleted at  the beginning of the second, t,lie condit.ion of 
the cro as indicnt,ed a.t, t,he elid of t.hc respect,ive pcriods 

Likewise in consiclering tempera.t.ure dcpartures froni 
the norninl, the season in ~vhicli they occur snd t.lieir 
relat,ion t.o t,he nioisture conclit,ion for the period under 
considerat.ion, as well as their clur:i.t,ion at  abnormal 
d u e s ,  musts be considered. For esaniple, a given 
negat,ive t,emperat,ure depa.rt.ure with escessire rainfn.ll 
during the spring months, e. g., May and June, would 
be more harmful tliaii n like condition during a midsuni- 
mer month. Tlie tmniprraturc is iiorninlly lowrr and 
rainfall nornially higher for tlic spring months, and  this, 
in addit.ion to t.he teinpernt,ure requiriment of tlie young 
plant during its early Vrowth, renders t.lit. condit,ions 
stot,ed more det,riment.ar t,linn if nccurring la t.er in the 
season. Sill furt,her, a posit,ire t.emperiit,ure departure 
with deficient rainfall for t.lic suninier niontlis is more 
harmful than a negat.ive depa.rt.ure wit.11 like r.infall 
condit-ions, es ecially if tlie rainfall has been deficient 

eva oration a.nd t,lius furt,her deplet.cs t.he soil moist.ure. 
?%is matter has been considercd at. sonie lengt,li to em- 

phasize the fact that! in pract.ical5t 1licn.tion t,he ohserved 
values of a. and b must be modifie CR y the i1it)roduction of 
auxiliary facbors, tshus, 

(3) 

where c and c, represent the relnt.ive meiglits to be ns- 
signed to a. and b.  However t.he espresaion ((ic+7,cl) 
represents t.lie depart,ures for a. single month. Tv cibtniii 
a value for t,he whole season tlic cclunt.ioii becomes, 

weeks, t.lie report o F condition shows n subst.ant.in1 

second period a comic P ernble dcteriorntion is noted. 

weat.her ncedef, and tlint the soi f nioisture w n s  largely 

was suc 7 1 ns would logically lie espect.ec1. 

for a considera ?I le 1engt.h of time, as escessire licnt, fnvors 

S = (ac + be,), 

s = (ctc+bc,),+ !ac+be,) ,  ...+ (ne+be , ) ,  
n 

where 2 stands for t;he summat,ion of all the. quantities 
denoted by (ac+ZIell, and 12 is the number of niontlis in 
the season. 

The values assigned t.o the ausiliary fact.ors c ancl c,, 
for t,he 20-year period, 1894 t.o 1913, inc.lusire, arc gircn 
in the following t.ables. In  Table 1 arc ent,erecl t,lie vnlues 
for c, and in Table 2 those for e,. These arc of necessity 
arbitrarily or empirically fised, but nro assigncd nft.er a 
careful study of weat,her conditions for t,he period nnmecl, 
in conjunction with the result.ing yield for t,he res )ect,ive 

plant devclo )men t o€ cert,ain ccrnibinnt.ions of weat.her. 

Under ra.infall we can have. four conditicins: (1) a 
mont,li of plus departure following n montli of like dc- 
parture; (2) n niniith of plus depnrt,ure following t i  
minus departure: (3) :I. nicmtli of minus dcprtiire follciw- 

years, ancl froni n general knowledge of t,he c H ect, on 

A careful st,u k y of the tables will disclose logical relntions. 

iag n like sign; (-1) a month of niinus departure following 
t.lie opposite sign. The values assigned to c in each case 
are ilS follows: 

TABLE L-Rairflnll nic.diaria; vnlttea for  e. 

(‘ouditioiis. 

+ fo!lo\vhic 0 or + ____. ........ . . ___.  .. . . . 1 
2 + lullu\virlg - ....... . .. .. ........ .... .. . . . 

- -~ -..- ..... 

* Minus dcgart.urrs of less than 0.3 of an inch for April and May aro consldered as nor- 
uia1. 

t If fo:lowUiz 2 or mow months of minus departure, substitute 1 if depart.iue more 
t h m  1 iuvh; mid 6 if less t h m  1 inch. 

$ If fourth ronswutirr mouth of minos departure. iiicreasc value by 2: fifth mouth bv 
6 mipl sixlh munth by S; all  miiius departures for July md Aukyst of more than 2 iuch& 
&e given a iuiuimum r s ~ u e  of 12. 

Undcr t.empera ture we can likewise have four conibina- 
t,ions: (1) a 111s tenipernt.ure departure occurring with 

wi bli minus rniiifnll dcpiirture; (3 I minus t,emperat~ure 
wit.11 niiiius ri>.ilifnll clepn.rt.ure ; (4) minus temperature 

21. plus rainfnd P dep:rrt.ure; (2) plus temperstwe departure 

rninfnll clep:i.rt.urc.. The values assigned to c, 
nrc. tis follows: 

TABLE 2.-Teniprratiire aiixiiiaries; rmlziea for e,. 
- -~ 

~’onditions. 

1 + Temperature with 0 or + rainfall.. ... 
2t ?t lt 

- __ ._ 
t If third mouth of minus rainI311 increase value by 3; if the fourth, fiflh, or sixth 

1 If tliiril conrcrutive mouth of mhiiis temperature departure, increase value by 1; 
month. by 3. 

oiirtli month by 2: a1111 fifth or sisth month, by 3. 

It will hc not.ed t,hat prolonged periods of unfavora.ble 
condit,ions are provided for by increased values as indi- 
cated in footnot.es. 

The fa.ct that, t,he noiiiial tenipemtme and rainfall 
would proiluw a yield niucli abore t,lie n,verage lim heen 
briefly referred to, and t,liis must, receive further considera- 

again t.o figures 1 and 3, we. find in the fiist case tliiit the 
yield was nincli dmve the nrerage niicl in tlie second 
much below that value, while t.lie c1ep:trtures of tanpora- 
ture and rainfnll from t,he norninl were sninll in t,he former 
and large in the .latter. Obriously therc must be int.er- 
medixt,e tlepwtures that would produce values correspond- 
ing to thc average yield. The value thus produced would 
necessarily lie it constant, applicable to all years of t.he 
series. The int,roduction of this constaiit,, d,  comp1et.e~ 
t,he equation, which can now be written: 

t.ion bcfcire we can n ply t.lie values oht,ained from the 
departures of and t,ompe.rature. By referring 

2 (ac + bc,) x=a- n (4) 
1 When ~ L ’ ( n c  + bc,) < d, X would be posit,ive and when 

1 ;;,.(ne + be,) > d, X would be negative. Morcover the mag- 
nitudes c niid c, are so chosen that each unit, of the final 
result oh t,ained represeiit,s 1 pound of cotton per acre, 
t,hus nin.king the conipu t,ed values for rainfall and tem- 
perature departures comparable with the departure from 
tlw nrcragc j-idcl. 
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Actual 
lepartures. 

Da./Acrc. 
+65 
-19 
-64 
- 5  
+I? 
+15 
+56 
-11 
-22 
-27 
+13 
- 6  

+55 
-40 
+26 
-45 
-25 

+la 
+36 
-14 
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computed 
dcparturea 

Lba.lAcrc. 
+46 
-14 
-64 
+34 
+47 
+ 8  
- 9  

- 6  
-20 
-29 
+13 
-10 

+54 
-44 
+24 
-48 
-36 

' + 5 
+30 
- 6  

FEBRUARY, 1915 

1897 
lS9S 
1899 
1900 

1901 
1902 
1903 
19W 
1905 

1806 
1907 
1908 
1909 
1010 

1911 
1912 
1913 
- 

TABLE 3.-Deparlwe of rainfall andteinpmture/rom the nomzal in Tczas, 
1894-1915. 

1907 

IO. &-The up er curve shows for Taxas the actual departures from the average yirld 
of cotton for t%B respective yeam of the period 1894 to 1913, inclusive, expressed in 

The lower curve presents the computed values resulting from the application of 
equatfon (3) to the respective ralnfd and temperature departures glven in Table 3. 

pounds per acre. 

me cmtant d.-The monthly departures of rainfall 
and temperature for the period under consideration are 
given in Table 3. By applying equation (3) to the de- 
partures for each of the years.considered, we obtain values 
of var ing magnitude, and, if our coTelation stands, we 
shoul B have small tot& correspondlng to large yields 

and large totals to small yields. By charting these values 
in conjunction with each other; that is, the totals ob- 
tained by computation, with the departure of yield from 
the average, for the respective years, the connecting lines 
should show a similarity, but have opposite directions. 
Figure 8 represents the result of this correlation, the 
upper curve representing the departures of yield from the 
average, and the lower one the values for the res ective 
years as obtained by computation. In  generaf these 
curves show a similarity, as expected. 

Now, if a line be drawn through the lower curve to 
correspond with that in the upper representing the aver- 
.a e yield, we find that it has a value of esnctly 100 pain$ 

lower curve. This gives us a value for the constant d, 
vi?, 100, which means simply that a total value of 100 
points computed from rainfdl and temperature depar- 
tures is necessary to represent the average yield of cotton. 
All values smaller than this constant would roduce B 
yield above the average and those larger a yiel B less than 
the average. 

Table 4, column 1, gives the actual departures of yield 
and column 2 the computed departures. These results 
are indicated graphic.ally in figure 9, where the solid line 
represents the actual departures and the broken one the 
coniputed values. 

We compute from these results a correlation coefficient 
of $0.88, and a probable error of f0.03. 

As the final result is obtained from t-lie separate monthly 
values, the condition at the close of any month could be 
readily computed and expressed in percentage of the aver 
age, thus indicating the outlook a t  that particular time. 
TABLE 4.-Compatison of achurl with com uted departrirea of m p a f i m  

a f ove the base: it is represented by the broken line in the 

m o l  y i d  

By referring ain to fi re 9 i t  will be noted that for 

average, while the indicated yield was slightly below 
that value. An examination of t.he records of rainfall 
for individual stations for that yew discloses the fact 
that very abnormal conditions obtained. 

of the months, save one, of the entire season, and for 
several months they were much above that value. How- 
ever, the large average departures for the State were more 
ap arent than really representative. For esample, in 

more than 16 inches, while a like number had an average 
of less than 1.5 inches. Thus the excessive falls for more 

the year 1900 " a $  t e actua yield was much above the 

averages for the Stsate were ahore the nornials for 83; 

Ju r y we find eight stations with an average rainfall of 

The nionthl 



FEBRUARY, 1915. MONTHLY WEATHER REVIEW. 65 

or less limited areas elevated the State average much 
above a representative value, thereby giving large 
departures from the normal and correspondiiigly sniall 
computed yield. 

To overcome tlie difficulties resented by such abnor- 
mal conditions, it is be.lieved t f at in correlations of this 
character, especially for limited areas and for regions 
where tlie sumiiier rainfdl frequentely occurs in excessive 
amount,s, some method of considerin €or such escessivc 

soil, so far as this can be ascertained, should be dcvised. 
While it may not be pract:ic.able. to ascertain these 
proportions definitely, yet by actual niensurement of tlie 
water cont,ent of the soil a t  frequent int.ervals, or by 
measuring this .cont.ent before and after rainfalls of 
varying intensit,ies when runoff occurs, the rellation of 
intensity of fall to runoff could robably be approsima.t.ely 

actunlly measure the runoff for selected limit,ecl areas 
where drainage is effect.ed at. n single point, by measuring 

falls only t,liat portion that is actun % y absorbed by t,lw 

deteriiiined. Also, it probab 7 y would be feasible to 

Fw. 9.-The solid llne shows the actual departures of Field from the average, axpressed 

$ha broken liue shows the values computed by the application of equation (4) to 
in oundsperacre. 
the departures given In Tahlu 3. 

9 
the actual discharge a t  that point and reducing this to a 
uniform equivalent of water depth over the entire area. 
Again, an a proximate relation iiiight he estddished 
bs careful, c e irect, or personal ohservnt,ions of soil con- 
&tion and approximate runoff for fdls of -varying int.en- 
sities, and the knowledge thus acquired c~oulcl he u t.ilizec1 
to advantage in compiling precipi t&on el$% for corrclat- 
ing purposes, as iiiost original records indicate the time of 
begliming and ending of each rain nncl the t,ot.al fall 
recorded. While only the ap rosininte relation between 

unquestionably it would afford better values of rainfall 
for correlating purposes than are ob tabned by nccep t,ing 
the recorded totals, irrespective of w1iet:her the entire 
amount was retained by the soil and ut.ilizec1 in the clerel- 
opuent of the plants, or a large proportion lost by runoff. 

intensity and runoff c.ould be o t t,aineel by this hst met,hod, 

GROWTH IN 
XARYLAND. 

By FOEMAN T. bICLEAN. 

(Dated: Johns H o p k h  Universitj-, B:iltimore, ?&I., Mar. IT .  1915.1 

INTRODVCTION. 

More and more nt.t,eiitioii is heing piid to the rclation 
between climatic conditions m e 1  llunt rowtli by stu- 
denta of agriculture, forestry, and c i ?  mato ogy. Progress 

in p1a.n t physiology and in agric.ulture, ecology, and for- 
estry has made it quite clear that t.he growtli of plants is 
definit.rly relntrcl to the n:tt.ure of the eiiviroiimeiital 
conilitious. This rinciple lim becn most successfully 

usc of Icrtilizcis;. c!t,c. 1Leg:irdiiig t,lie rclutions between 
the plii.iitr nncl its en vjroiiiiicnt3 above tlic soil, however, 
req-  lit,t,le Iian yet. hecii nccomplisIied. Tlicsc surround- 
ings of t,licl plnnt. ahow t.lic soil are the conelit,ioiis usually 
t.erulci1 cliiiin t.iv, uiid tliey have been very thorouglily 
stuciicxl by cliiii:ttologists, but c.limstt.ologicd atudp has 

conip;u’nt.i-re st.udics of plant p!lenoiueiia, such as Sinldarli growt, , , 
seldoiii iincl plant, riht,ioiis as its niaiii aim. 

resplriitinll~ ~~lii~t,os~-iit.lirsis, and seed production, havo 
not usudly 1iec.n carricd out with the idea of relat,img 
them direct.ly t,o dimatme. It is thus not a t  all surprising 
t-hat thc data. of climat.ology nnd those of plant ecology 
hsvc iwt. Iwen m r y  snt.isfnctorily correlnted. 

roblem 
of t,bc climatic reiat,ions of plants by inet~iods w R ich are 
especially pl:iniiod t.0 hriw out, as far :is niay be, possi- 
ble cordations l,etwiwi tyie plant. rocesses on the one 

here t,o lie coiisiclerccl is a prelirninnry aiid rather tenta- 
tive attempt in t.liis direct,ion. It was carried on under 
thc auspices of t,he Marylmd St.nte W e d i e r  Service, to 
tbc director of which, Prof. William Bullock Clark, t.he 
geiierd llrojwt owes it.s beginning. The work was under 
t,he inimec1iat.e direction of Prof. Burton E. Liringston, 
t.o w!inni t,Le writer most gmtefully acknoivlledges hs in- 
dcbtcrclness for his sugmest,ions and n.ssist,ance both in 
planning the st,ucly B I I ~  in presenting the result,s. The 
a.ut.lior also espressrs his thunks to Dr. Oliver L. Fassig, 
of t.110 United Shtcs  Wedier  Bureau, for valued assist,- 
ti.nce in prc1sent.ing ancl iiiterpret,ing the wea,tlier data ; 
nnd his most sincere appreci:i.tinn to the eight, coopera- 
t.ire ~vi~at.hcr ohservers, who not only vel kindly per- 
mittecl us to use their privat.e grounds for t z e esperinient 
plot,s, but also kcpt special records in addition to the 
regular n ~ a t h e r  observations. We mention wit,li deep- 
est rccrret! t,hc loss of oiie of t,he observcrs, Mr. J .  s. Harris, 
of Cofc.iii:iii, Mcl Tlic o t h r  ohservers who assisted in 
this study a.re Prof. A. F. Gdbrcnth, Dn.rlingt,on, Md; 
h e .  J. H. Ilnmscln, Monrovia, Md.; Mr. D. P. Oswald, 
Chewsdle, Md. : President H. J. Pntt.erson, Collep Pnrk, 
Md.; Mr. H. Shreve. Easton, Md.; Mr. J. R.’bt,ewnrt, 
Princess AIII~C, Md.: a.iiel Mr. R. E. Weber, Oakln.nt1, Md. 

Tlir previous work of the Mn.ryl;i.ncl State Weather Serv- 
ire eseiiiplifiev t.he st,nt,eiiieiit made above that ecological 
aiid climatic st,udies Iia-ve usually been msde c uit.e inde- 
lmidently of one another. “The Climat,e and Weather 
of Bdt,iniorc,” by Oliver L. Fnsai , sncl the “Climatology 

lete stmudies of the climate of the State, and Dr. Forrest 
&irrvl-’s “Plant Life of Maryland” represents a corre- 
s ,oncling study of the clistribution of types of vegetation. 
h i e  fact, t.1ia.t itlarglaiid ]ins receivecl such thorougli and 
careful at,t,eiit,ion from t,liese two p0int.s of view makes it 
a pa.rt.icularly suitable area for compnmtivc work on 
the rohleni before us. 

T%e study here reported was begun in the summer of 
1911, ancl the work of the first season WRS devoted 
largely to perfecting a.nd test.ing methods, so that, this 
paper mill deal primarily with met,hotls of inves tigntion 
;ind of interpret,ing results. 

It wns planned to bring out t.liree sorts of relations 
hetween plnnt. growth ancl environment: (11 The efTec.t of 
local influences of climatic conclit,ioiis due to difl’erences 
in topography, altitude, soil, and exposure; (2) the effects 

applir~l to s t iirlies P wariug on irrigation, sul tivnt>ion, the 

I t  6lirreforo npocnrs desirnhle t.o attack this 

liancl and climat.ic conditions on t, P ie ot,lier. The work 

of Maryland,” hv Mr. F. J. W 2 z, represent very com- 


